INTRODUCTION
Coastal erosion is one of the most important socioeconomical problems that challenge the capabilities of states and local authorities. Whether it is due to natural or anthropogenic reasons, coastal erosion causes significant economical losses, social problems, and ecological damages (Corradi et al., 2000; özhan, 2002) . The effects of coastal erosion differ across the world. All European coastal states are to some extent affected by coastal erosion. About twenty thousand kilometres of coasts, corresponding to 20 %, face serious impacts. The combined effect of coastal erosion, infrastructure development and the erection of defences to protect them have created, in many areas, a narrow coastal zone. Some examples: two thirds of the Belgian coast is composed of sandy beaches and the remaining third is sealed by construction. As a result, one quarter of the Belgian coastline is eroding, which is a high rate in comparison to other countries. Italy also suffers from a high rate of erosion, 23 %, which is largely due to the rapid urbanisation of its coasts and beaches. On the other hand, the Finnish coastline is hardly affected because half of it is composed of hard rock, which erodes very slowly (European Commission, 2004) . With a different approach to the subject, nowadays the commitment of research in this field is not simply to rebalance the conditions of an endangered coastline but also not to cause, or at least mitigate, nearby areas erosion, a problem already arisen in the past (Pranzini, 2004) . In the Liguria region, the current state of the littoral environment is not better than all over Italy, Review Paper maybe worse. The overall extent of the Ligurian coastline is 345 km: 189 Km of rocky coasts, 41 Km of beaches and 115 km of artificial coasts (Ferretti et al., 2003b) . Previous studies conducted in the 1980s and 90s showed a steady condition, whereas data collected in 2000 showed 80 % of beach erosion (Fanucci et al., 1990 and 1987; Ferretti et al., 2003b) . The first disruptive action of the meteo-marine dynamics can be traced back to the construction of a coastal railway line in the early XIX century, which directly caused the reduction of the beach surface and the building of defence strategies consisting of rocks placed close to the coast (Bensa et al., 1979; Ferretti et al., 2003c) . Further disrupting elements include the aggregate extracted to hydrographic basin, the expansion of the tourist industry (Brandolini et al., 1992; Brandolini, 1995) , which has given rise to the construction of ports and of greater habited areas closer to the coast, and the building of defence strategies targeting individual beaches. The studied area, called Baia delle Favole, is located on the eastern coastline of Liguria, North of the peninsula of Sestri Levante (Fig. 1) .
MATERIALS AND METHODS

Study area and its historical evolution
The Baia delle Favole shoreline stretches for approximately 1.300 m and is divided in two parts by the mouth of the Gromolo river: the northern section stretches for approximately 800 m; the southern one for 500 m. In the central/southern section the shoreline stretches from NW to SE, while in the northern section from NE to SW. The central/southern section of the beach progressively extends from the mouth of the Gromolo river to the Sestri Levante peninsula, where the beach is wider than 100 m. The southern section joins the headland of Sestri Levante, where, in the north, lies a breakwater of about 120 m that stretches from North to South. In the past, the small rocky island of Saint Nicolò lied in front of the town of Sestri Levante (the Latin Segesta Tigulliorum). As a consequence of the Gromolo river deposits, this island joined the land in the second half of the XVIII century (Cortemiglia, 1987) . Between the second half of the XVIII century and the end of the XX century, the building of new touristic sea ports (Tomasicchio, 2001) , such as Chiavari and Lavagna, caused an artificial extension of the mouth of the Entella river (Fig. 2) . The new morphology of these coasts (Cortemiglia, 1978) produced a southerly drift of coastal materials (from the Baia delle Favole, in the north, to the southern area) and the partial backfilling of Sestri Levante Sea port (Cortemiglia, 1979 a) . Starting from the early XX century, the marked erosion of these coasts in some cases affected the main transport routes (Cortemiglia, 1979 b; Terranova, 1979) . This led, where necessary, to the building of new defensive measures close and parallel to the coast. These measures in turn caused an extensive and generalized destabilization, which even led to the erasure of entire stretches of beach. On the studied shoreline a number of measures are currently being implemented (Cortemiglia and Terranova, 1978; Aminti and Pranzini, 2000; Ferretti et al., 2003c Ferretti et al., , 2003d , including dismantling pre-existing measures and building a system of groynes, artificial barriers and artificial nourishment of the shoreline (over and under water). The shoreline's development obtained from the analysis of the data found in the bibliography (Cortemiglia, 1987; DEAM, 1997) is shown in Fig. 3 . The latest intervention on the studied area included the construction of 5 groynes, the artificial nourishment of beaches with 186.000 m 3 of dry materials and the construction of a barrier about 5-6 m deep (Fig. 4) . This project consisted of providing the shoreline with a complete system of groynes: each sector of shoreline was completed before moving to the next sector, from south to north, following an anti-longitudinal drift. The project aimed to re-establish a balanced situation in each sector in such a way as to absorb incident energy, to avoid reflection and to recreate a homogeneous coast. 
Methodology
The methodology allowing a correct evaluation of the morphological variations of the emerged beach should take into account the following aspects:
quick acquisition of data: This is vital when working on fast-changing systems, such as beaches undergoing monitoring and implementation of defensive measures; accuracy of data: Given that every small morphological variation leads to the displacement of large volumes of sediments, even a small evaluative mistake can lead to serious errors in the survey; rapidity in the elaboration of data: This is vital in order quickly to obtain the necessary data and thus to plan subsequent surveys; readability of data:
The data must be gathered through valid and widespread methods which allow easy assessment and comparison of the final results.
The survey methodology for the area of study was global positioning system (GPS). This method satisfies all the above parameters and confirms the increasing diffusion of GPS also in the study of shorelines and dynamic of littoral (Ciavola et al., 2000) . In order to obtain accurate results, a couple of GPS receivers have been used -one with known coordinates, so that the relative position of the second one could be established. To avoid having to use two receivers, it is possible to replace the reference station with one of the many permanent GPS reference stations that are placed on the national territory, and to use this data as reference data (Cina, 2001; Secchia 2005) . Thus the survey can be carried out using just one receiver, the Rover station, and the nearest permanent reference station as the Master station (Fig. 5) .
In view of the above, it has been deemed appropriate to use the GPS permanent station of the School for Surveyors in Chiavari, for its position ensures a good spatial correlation between the two receivers and the elimination of most of the interference caused by atmospherics layers. The receivers were positioned in two different ways: statically and kinetically. The static receivers were positioned on fixed reference points, such as brick walls or other constructions; the kinetic receivers were used to carry out the actual morphological surveys on the beach. The GPS receiver used in the survey was the model Leica 500, which can provide the exact position in centimetres. The surveys were carried out in January and May 2004 and in May 2005 . By using the Geographic Information System (GIS) it was possible to attain a Triangular Irregular Network (TIN) that reproduced the morphological development of this area and the defining features of the emerged beach (Fig. 6) .
Morpho-bathymetric surveys were also carried out in the submerged beaches, in order better to assess the morphological changes that affected the Baia delle Favole following the implementation of preventive measures, and to analyse the subsequent formation of materials during the artificial nourishment phase. The most common system used for bathymetric surveys in small areas is currently the single-beam echo-sounder. The survey was carried out by boats that slowly run through fixed routes. Normally these routes are perpendicular to the shoreline in order better to measure the depth gradient. To check the accuracy of the data normally a number of oblique lines are also considered. In this case they used 13 sounding lines, perpendicular to the coastline and at a distance of 80-100 m and 2 control oblique lines, 350 m apart (Fig. 7) . The elaboration of the data has led to the realization of a new bathymetric map, represented in Fig. 8 . The main factor in the artificial nourishment process is represented by the size of sediments used, for it is the size that mostly affects the duration of the process, the future use of the area and the width of the sandy shore (Dean, 2002) . The samples for granulometric analysis have been taken from the points marked in Fig. 9 . On the emerged beach, samples of approximately 1 Kg were taken on the foreshore and on the berm, along the first 3-4 centimetres of sediments. Samples of submerged beach were taken using the bucket "Van Veen" along the bathymetric line, between 1 m and 14 m deep. This area is deemed to be the most sensitive to morpho-dynamic and sedimentological variations, due to the measures of the nourishment. Drawing on the results of the granulometrical analyses, the main statistical parameters were elaborated, namely mode, mean size grain, Inclusive Graphic Skewness, Inclusive Graphic Standard Deviation. These parameters were very useful to describe the present environmental conditions.
In the present survey the sedimentological values of the emerged beach resulted of less importance (and therefore have been omitted here). Their variation in fact is less connected to sedimentological processes than to the subdivision of the beach through a system of groynes.
With regards to the submerged beach, the most important parameters were elaborated and represented in thematic maps. The distribution map of mean size grain (Fig. 10) shows the presence of unrefined sand in the area submitted to the defensive and nourishing measures particularly in its low-coast side.
Due to the wave action these sediments loose their finest material which gathers next to the breakwater wharf. The distribution map of the mean size grain (Fig.  11 ) measured through surveys carried out in 2000 (Corradi, et al., 2003) that is before the re-nourishing process took place, shows the prevalence of fine sand. There is no more information on the area near the peninsula of Sestri.
The Inclusive Graphic Standard Deviation allows to assess graphically the sorting coefficient. This parameter, whose distribution is reproduced in Fig. 12 , shows that both materials (of high and of middle quality) cover most of this area, except for the area near the first three groynes and the area east of the breakwater wharf. 
RESULTS AND DISCUSSION
At the end of this research project, and after elaborating and analysing the obtained data, it was possible to come to the following conclusions about the emerged beach, the submerged beach, and also about the efficacy of the intervention itself. The surveys allowed us to trace the development of the shoreline in comparison with the present bibliographic data (Fig. 13) .
The volumetrical changes between the first and the second survey (carried out respectively in January and in May 2004) is minimal, as it was recorded a loss of materials of about 1700 m 3 , which, when considering the whole research area, corresponds to a variation in height of only to 0.06 m. Between the first and the second survey -which were carried out with a 12 month gap (in May 2004 and in May 2005 ) -the data analysis shows a volumetric decrease of about 3000 m 3 of materials. As consequence in this area it was recorded an altimetric change of about 0.10 m. Moreover, it was deemed appropriate to estimate the volumetric variation affecting the emerged beach, which is often subject to sea erosion and thus is quite dynamic. This line of Ye a rs emerged beach was located at 2,5 m above sea-level, between the foreshore and the storm berm. In this area, the volumetric changes coincide and this result leads us to believe that:
• it is not correct to talk about loss of material between a survey and the next, but rather of a translation of volumes, which is due to the weather conditions in which the surveys take place;
• the emerged beach has reached its own balanced condition, but not the area near the groynes, which has not reached the planned equilibrium gradient of 3.3 %. This value was reached only in some areas covering 11.6 % of the above area. Today the northward coastline and the area near the groyne system present a low rate of retreatment, due its nature of pebbly and gravely shore, submitted to a drift to water-edge limited.
In order to give a more complete picture of the morpho-bathymetric evolution of the submerged beach, we considered some surveys carried out by public and private enterprises in 1953, 1984 and 1996 . Using Geographic Information System (Ferrari et al., 2005 1953 -1984 -1961 -63 1984 -1996 + 2137 + 178 1996 -2005 + 190637 + 21182 The values reported in Table 1 show the effects of the artificial nourishment process on this area: three years after the end of the works, the artificial materials used to nourish the beach have led to a new profile, whose gradient (for 92.9 % of the area) equals 5 %. In the southern area, the entrainment of the flowing littoral seems to have stopped the continuous accumulation of thin materials both at the end of the bay -where the new shoreline has retreated compared to the previous survey carried out in 1996 ( Fig. 13) and near the dam, where depth values have become higher than the 1996 data. These results lead us to believe that the intervention has brought about a new phase in the evolution of the coastline, giving rise to a new pseudobalanced condition (Dean, 1991) . The presence of a groyne system in this area has allowed a partial slowdown in the longitudinal flowing of sediments, shifting the sedimentological flowing of the middle sand toward the centre of the bay. Before reaching the southermost part of the bay, sand is re-distributed westward, beyond the dam, thus reducing the formation of new land near the sea port. Finally, the re-distribution of materials, used for the artificial nourishment, leads us to believe that the defence barrier has only partially worked, and that its effectiveness has decreased from north to south.
CONCLUSION
The work and research carried out on this area have enabled us: Years changes have been reported graphically in Fig. 14 and numerically in Table 1 below. 1. to give a more detailed picture of the evolution of the littoral; 2. to assess the possible use of "non-traditional" techniques to monitor beach development and to analyse theoretical and practical aspects of the above; 3. to assess, annually, the volumetric variations of the emerged beach; 4. to establish the sedimentological activity of the beach, as a result of last nourishment measures; 5. to assess the effectiveness of the measures implemented on this coastline. With reference to the latest legislative changes that shifted authority over these matters from the State to the various Regions, this project can be seen as a first attempt to apply the evaluative parameters that were defined while planning defensive measures for the coastline and monitoring its results though a comparison with an intervention carried out before the new regional laws became effective.
